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QUIET MODE MAGNETIC RESONANCE 
IMAGING SYSTEM AND METHOD 

FIELD OF THE INVENTION 

The present invention relates generally to magnetic reso 
nance imaging Systems, Such as those used in medical 
diagnostics. More particularly, the invention relates to a 
technique for reducing acoustic noise in magnetic resonance 
imaging Systems. 

BACKGROUND OF THE INVENTION 

Over the last decades, magnetic resonance imaging (MRI) 
Systems have found widespread use, particularly in medical 
diagnostics applications. MRI systems make use of the 
physical influence of magnetic fields on gyromagnetic mate 
rial within a Subject to be imaged. In general, by imposing 
external magnetic fields on the Subject, nuclei having char 
acteristic precession frequencies can be made to orient 
themselves and to Spin in known ways, to produce detectable 
Signals. 

In current MRI systems, the particular magnetic fields 
imposed on the Subject can be manipulated So as to produce 
high-quality, reliable images for use in medical diagnostics. 
In conventional MRI systems, for example, gradient fields 
are produced which define a desired slice through the 
Subject, and which encode the positions of the materials of 
interest through the Selected Slice in accordance with their 
location. The gradient fields are produced in the presence of 
a primary magnetic field, generally oriented longitudinally 
with respect to the Subject. After imposition of a radio 
frequency pulse which produces a transverse moment in the 
gyromagnetic material, echo Signals from the material can 
be sensed and processed to identify the intensity of the 
response at the various locations in the Slice. After Such data 
processing, an image can be reconstructed based upon the 
acquired and processed data. 
Numerous improvements have been made in recent years, 

both to MRI imaging Systems and to the techniques 
employed to produce resulting images. Many of these tech 
niques permit reductions in image artifacts by virtue of 
novel pulse Sequences implemented through gradient and 
RF coil structures. Improvements in the physical Structures 
of MRI systems have also improved image quality and 
reduced the occurrence of artifacts. In many cases, the 
physical System improvements have worked in conjunction 
with Software enhancements to enable much faster and 
higher quality imaging. Examination Sequences which 
required minutes and Seconds in the past may now be 
performed in a fraction of that time. 

Although MRI systems have improved dramatically, they 
remain plagued by certain characteristic problems. A par 
ticular problem in the Systems is the acoustic noise gener 
ated by application of the pulse Sequences to the coil 
Structures needed to produce the desired images. AS 
improved coil Structures and pulse Sequences have been 
improved to obtain the benefits discussed above, the result 
ing acoustic noise has often become exacerbated due, for 
example, to higher currents and higher Slew rates, and the 
rapidity of execution of pulse Sequences. While many 
attempts have been made to locate Sources of acoustic noise, 
and to reduce the noise, Such as through changing the 
characteristic frequencies and amplitudes of vibration of 
mechanical components, and So forth, acoustic noise 
remains a Serious problem in many Systems. While the 
examination durations are often shorter through the use of 
new pulse Sequences and processing techniques, many 
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2 
patients still find MRI examinations discomforting due to 
the acoustic noise associated with the examination 
Sequences. 

There is a need, at present, for techniques capable of 
reducing acoustic noise of MRI systems, at least for certain 
examination Sequences or certain patients. There is a par 
ticular need for a simple and Straightforward technique for 
Selectively reducing acoustic noise in State-of-the-art MRI 
Systems which does not impair the improved functionality of 
the Systems for most pulse Sequences, but which accommo 
dates the needs of more Sensitive patients. Moreover, there 
is a need for a technique which does not require extensive 
reconfiguration of the System by an operator when a Sensi 
tive patient is present. 

SUMMARY OF THE INVENTION 

The present invention provides a technique for reducing 
acoustic noise in MRI systems designed to respond to these 
needs. The technique may be implemented in a wide variety 
of MRI systems, including existing and new Systems of any 
type or manufacture. The technique may also be applied 
with any type of pulse Sequence, and is particularly well 
Suited to pulse Sequences apt to generate significant acoustic 
noise. The technique may be used in parallel with existing, 
conventional MRI control circuitry, to permit pulse 
Sequences to be implemented for examinations on a normal 
basis, and to permit quieter Sequences to be implemented 
when needed. 

The reduced noise mode of operation may call upon a Set 
of configuration parameters which is different from the 
normal mode parameters for the same pulse Sequences. 
Alternatively, the quiet mode pulse Sequences may be 
derived from the normal mode pulse Sequences, Such as 
through imposition of gradient amplitude limits, Slew rate 
limits, coefficients or multipliers to rescale parameters, and 
So forth. The quiet mode of operation may be a distinct, 
“on-off Selection which is made by toggling a Switch, 
presented, for example, as a virtual button in a graphical user 
interface at an operator Station. Alternatively, the quiet mode 
of operation may provide an adjustable range of Settings 
varying from the normal mode, Such that the operator may 
adjust the acoustic noise indirectly through the use of a 
Virtual Slide in a graphical user interface. Other types of 
interface may, of course, be employed. In either case, the 
quiet mode of operation results in reduced acoustical noise 
by modification of the pulse Sequence for the desired exami 
nation. The resulting images may be similar to those of the 
normal mode images, but require Slightly longer acquisition 
times. In general, however, image quality may be balanced 
against comfort of the patient, where needed, to provide the 
best available image for individual patients, depending upon 
their sensibilities. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatical representation of an MRI 
System for use in medical diagnostic imaging and imple 
menting certain aspects of the present invention; 

FIG. 2 is a block diagram of functional components of a 
pulse Sequence description module in a controller for a 
system of the type illustrated in FIG. 1; 

FIG. 3 is a graphical representation of an exemplary pulse 
Sequence description for an MRI examination which may be 
implemented in the system of FIG. 1; 

FIG. 4 is a detailed view of one of the gradient pulses of 
the Sequence of FIG. 3, illustrating exemplary parameters 
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which may be controlled for the quiet mode operation in 
accordance with certain aspects of the present invention; 

FIG. 5 is a block diagram illustrating exemplary control 
logic for quiet mode operation of an MRI System; and, 

FIG. 6 is a block diagram illustrating exemplary control 
logic of an alternative Scheme for quiet mode operation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Turning now to the drawings, and referring first to FIG. 1, 
a magnetic resonance imaging (MRI) system 10 is illustrated 
diagramatically as including a Scanner 12, Scanner control 
circuitry 14, and system control circuitry 16. While MRI 
system 10 may include any suitable MRI scanner or detector, 
in the illustrated embodiment the system includes a full body 
scanner comprising a patient bore 18 into which a table 20 
may be positioned to place a patient 22 in a desired position 
for Scanning. Scanner 12 may be of any Suitable type of 
rating, including Scanners varying from 0.5 Tesla ratings to 
1.5 Tesla ratings and beyond. 

Scanner 12 includes a Series of associated coils for 
producing controlled magnetic fields, for generating radio 
frequency excitation pulses, and for detecting emissions 
from gyromagnetic material within the patient in response to 
Such pulses. In the diagrammatical view of FIG. 1, a primary 
magnet coil 24 is provided for generating a primary mag 
netic field generally aligned with patient bore 18. A Series of 
gradient coils 26, 28 and 30 are grouped in a coil assembly 
for generating controlled magnetic gradient fields during 
examination Sequences as described more fully below. A 
radio frequency coil 32 is provided for generating radio 
frequency pulses for exciting the gyromagnetic material. In 
the embodiment illustrated in FIG. 1, coil 32 also serves as 
a receiving coil. Thus, RF coil 32 may be coupled with 
driving and receiving circuitry in passive and active modes 
for receiving emissions from the gyromagnetic material and 
for outputting radio frequency excitation pulses, respec 
tively. Alternatively, various configurations of receiving 
coils may be provided separate from RF coil 32. Such coils 
may include Structures Specifically adapted for target 
anatomies, Such as head coil assemblies, and So forth. 
Moreover, receiving coils may be provided in any Suitable 
physical configuration, including phased array coils, and So 
forth. 

The coils of scanner 12 are controlled by external cir 
cuitry to generate desired fields and pulses, and to read 
emissions from the gyromagnetic material in a controlled 
manner. AS will be appreciated by those skilled in the art, 
when the material, typically bound in tissues of the patient, 
is Subjected to the primary field, individual magnetic 
moments of the paramagnetic nuclei in the tissue attempt to 
aligned with the field but preceSS in a random order at their 
characteristic or Larmor frequency. While a net magnetic 
moment is produced in the direction of the polarizing field, 
the randomly oriented components of the moment in a 
perpendicular plane generally cancel one another. During an 
examination Sequence, an RF frequency pulse is generated 
at or near the Larmor frequency of the material of interest, 
resulting in rotation of the net aligned moment to produce a 
net transverse magnetic moment. Radio Signals are emitted 
following the termination of the excitation Signals. This 
magnetic resonance Signal is detected in the Scanner and 
processed for reconstruction of the desired image. 

Gradient coils 26, 28 and 30 serve to generate precisely 
controlled magnetic fields, the Strength of which vary over 
a predefined field of view, typically with positive and 
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4 
negative polarity. When each coil is energized with known 
electric current, the resulting magnetic field gradient is 
Superimposed over the primary field and produces a linear 
variation in the overall magnetic field Strength across the 
field of view. Combinations of such fields, orthagonally 
disposed with respect to one another, enable the creation of 
a linear gradient in any direction by vector addition of the 
individual gradient fields. 
The gradient fields may be considered to be oriented both 

in physical planes, as well as by logical axes. In the physical 
Sense, the fields are mutually orthagonally oriented to form 
a coordinate System which can be rotated by appropriate 
manipulation of the pulsed current applied to the individual 
field coils. In a logical Sense, the coordinate System defines 
gradients which are typically referred to as Slice Select 
gradients, frequency encoding gradients, and phase encod 
ing gradients. 
The Slice Select gradient determines a slab of tissue or 

anatomy to be imaged in the patient. The Slice Select gradient 
field may thus be applied simultaneous with a selective RF 
pulse to excite a known Volume of Spins within a desired 
Slice that preceSS at the Same frequency. The Slice thickneSS 
is determined by the bandwidth of the RF pulse and the 
gradient Strength acroSS the field of view. 
A Second logical gradient axis, the frequency encoding 

gradient axis is also known as the readout gradient axis, and 
is applied in a direction perpendicular to the Slice Select 
gradient. In general, the frequency encoding gradient is 
applied before and during the formation of the MR echo 
Signal resulting from the RF excitation. Spins of the gyro 
magnetic material under the influence of this gradient are 
frequency encoded according to their spatial position acroSS 
the gradient field. By Fourier transformation, acquired Sig 
nals may be analyzed to identify their location in the Selected 
Slice by virtue of the frequency encoding. 

Finally, the phase encode gradient is generally applied in 
a Sequence before the readout gradient and after the Slice 
Select gradient. Localization of Spins in the gyromagnetic 
material in the phase encode direction is accomplished by 
Sequentially inducing variations in phase of the precessing 
protons of the material by using slightly different gradient 
amplitudes that are Sequentially applied during the data 
acquisition Sequence. Phase variations are thus linearly 
imposed acroSS the field of View, and Spatial position within 
the Slice is encoded by the polarity and the degree of phase 
difference accumulated relative to a null position. The phase 
encode gradient permits phase differences to be created 
among the Spins of the material in accordance with their 
position in the phase encode direction. 
AS will be appreciated by those skilled in the art, a great 

number of variations may be devised for pulse Sequences 
employing the logical axes described above. Moreover, 
adaptations in the pulse Sequences may be made to appro 
priately orient both the Selected Slice and the frequency and 
phase encoding to excite the desired material and to acquire 
resulting MR signals for processing. 
The coils of Scanner 12 are controlled by Scanner control 

circuitry 14 to generate the desired magnetic field and radio 
frequency pulses. In the diagrammatical view of FIG. 1, 
control circuitry 14 thus includes a control circuit 36 for 
commanding the pulse Sequences employed during the 
examinations, and for processing received signals. Control 
circuit 36 may include any Suitable programmable logic 
device, Such as a CPU or digital Signal processor of a general 
purpose or application-specific computer. Control circuit 36 
further includes memory circuitry 38, Such as volatile and 
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non-volatile memory devices for Storing physical and logical 
axis configuration parameters, examination pulse Sequence 
descriptions, acquired image data, programming routines, 
and So forth, used during the examination Sequences imple 
mented by the Scanner. 

Interface between the control circuit 36 and the coils of 
Scanner 12 is managed by amplification and control circuitry 
40 and by transmission and receive interface circuitry 42. 
Circuitry 40 includes amplifiers for each gradient field coil 
to Supply drive current to the field coils in response to 
control signals from control circuit 36. Interface circuitry 42 
includes additional amplification circuitry for driving RF 
coil 32. Moreover, where the RF coil serves both to emit the 
radio frequency excitation pulses and to receive MR signals, 
circuitry 42 will typically include a Switching device for 
toggling the RF coil between active or transmitting mode, 
and passive or receiving mode. A power Supply, denoted 
generally by reference numeral 34 in FIG. 1, is provided for 
energizing the primary magnet 24. Finally, circuitry 14 
includes interface components 44 for exchanging configu 
ration and image data with System control circuitry 16. It 
should be noted that, while in the present description refer 
ence is made to a cylindrical bore imaging System employ 
ing a Superconducting primary field magnet assembly, the 
present technique may be applied to various other 
configurations, Such as Scanners employing vertical fields 
with permanent magnets and electromagnets. 

System control circuitry 16 may include a wide range of 
devices for facilitating interface between an operator or 
radiologist and Scanner 12 via Scanner control circuitry 14. 
In the illustrated embodiment, for example, an operator 
controller 46 is provided in the form of a computer work 
Station employing a general purpose or application-specific 
computer. The Station also typically includes memory cir 
cuitry for Storing examination pulse Sequence descriptions, 
examination protocols, user and patient data, image data, 
both raw and processed, and So forth. The Station may 
further include various interface and peripheral drivers for 
receiving and exchanging data with local and remote 
devices. In the illustrated embodiment, Such devices include 
a conventional computer keyboard 50 and an alternative 
input device such as a mouse 52. A printer 54 is provided for 
generating hard copy output of documents and images 
reconstructed from the acquired data. A computer monitor 
48 is provided for facilitating operator interface. In addition, 
System 10 may include various local and remote image 
access and examination control devices, represented gener 
ally by reference numeral 56 in FIG. 1. Such devices may 
include picture archiving and communication Systems, tel 
eradiology Systems, and the like. 

It has been found that in Structures of ScannerS Such as 
those of MRI system 10 illustrated in FIG. 1, significant 
acoustic noise may be generated during particular examina 
tion Sequences. While the origin of Such acoustic noise, the 
characteristics of the noise, Such as frequency, rhythm, 
Volume, and So forth, may have a number of origins, the 
particular adjustments which may be made in the pulse 
Sequences are difficult to identify to reduce or attenuate the 
acoustic noise. However, regardless of the Source, many 
patients and clinicians find the noise levels, and particularly 
the pulsation of noise levels which accompany many MRI 
examination Sequences uncomfortable and disconcerting. 
The present technique has been developed, therefore, to 
provide for both normal operation and a quiet mode of 
operation wherein adjustments may be made to the pulse 
Sequences implemented in the System to reduce the level of 
acoustic noise. 

15 

25 

35 

40 

45 

50 

55 

60 

65 

6 
AS described more fully below, the quiet mode of opera 

tion of System 10 is implemented through adjustments in the 
pulse Sequences applied to the coils of the System. In 
general, these pulse Sequences will be defined by both 
logical and physical configuration Sets and parameter Set 
tings stored within control circuitry 14. FIG. 2 represents, 
diagrammatically, relationships between functional compo 
nents of control circuit 36 and configuration components 
stored with memory circuitry 38. The functional compo 
nents facilitate coordination of the pulse Sequences to 
accommodate preestablished Settings for both logical and 
physical axes of the System. In general, the axis control 
modules, denoted collectively by reference numeral 58, 
include a logical-to-physical module 60 which is typically 
implemented via Software routines executed by control 
circuit 36. In particular, the conversion module is imple 
mented through control routines which define particular 
pulse Sequences in accordance with preestablished imaging 
protocols. 
When called upon, code defining the conversion module 

references logical configuration Sets 62 and physical con 
figuration Sets 64. The logical configuration Sets may include 
parameterS Such as pulse amplitudes, beginning times, time 
delays, and So forth, for the various logical axes described 
above. The physical configuration Sets, on the other hand, 
will typically include parameters related to the physical 
constraints of the Scanner itself, including maximum and 
minimum allowable currents, Switching times, 
amplification, Scaling, and So forth. Conversion module 60 
Serves to generate the pulse Sequence for driving the coils of 
Scanner 12 in accordance with constraints defined in these 
configuration Sets. The conversion module will also serve to 
define adapted pulses for each physical axis to properly 
orient (e.g. rotate) slices and to encode gyromagnetic mate 
rial in accordance with desired rotation or reorientations of 
the physical axes of the image. 
By way of example, FIG. 3 illustrates a typical pulse 

Sequence which may be implemented on a System Such as 
that illustrated in FIG. 1 and calling upon configuration and 
conversion components Such as those shown in FIG. 2. 
While many different pulse sequence definitions may be 
implemented, depending upon the examination type, in the 
example of FIG. 3, a gradient recalled acquisition in Steady 
State mode (GRASS) pulse sequence is defined by a Series 
of pulses and gradients appropriately timed with respect to 
one another. The pulse Sequence, indicated generally by 
reference numeral 66, is thus defined by pulses on a logical 
Slice Select axis 68, a frequency encoding axis 70, a phase 
encoding axis 72, an RF axis 74, and a data acquisition axis 
76. In general, the pulse Sequence description begins with a 
pair of gradient pulses on Slice Select axis 68 as represented 
at reference numeral 78. During a first of these gradient 
pulses, an RF pulse 80 is generated to excite gyromagnetic 
material in the Subject. Phase encoding pulses 82 are then 
generated, followed by a frequency encoding gradient 84. A 
data acquisition window 86 provides for Sensing Signals 
resulting from the excitation pulses which are phase and 
frequency encoded. The pulse Sequence description termi 
nates with additional gradient pulses on the Slice Select, 
frequency encoding, and phase encoding axes. 

Depending upon the orientation of the desired slice, and 
the Strength of the fields desired, the logical configuration 
parameters of pulse Sequence 66 may vary to provide faster 
or slower onset of the gradients, greater or lesser gradient 
amplitudes, various timings between the gradients, and So 
forth. Moreover, these logical configurations will be limited 
by physical configurations of the Scanner and associated 
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electronics. FIG. 4 represents Several of the parameters 
which are controllable to define the pulse Sequence. 
AS shown in FIG. 4, pulses applied to the gradient field 

coils of the Scanner, Such as on Slice Select axis 68, may be 
defined by Several physical parameters. First, the pulses will 
typically rise to a desired amplitude 90 at a known or desired 
slew rate as denoted at reference numeral 88. The slew rate 
may be controlled in various manners to optimize the time, 
resolution, or other factors in the examination Sequence. In 
many pulse Sequence descriptions, however, the desired 
amplitude is often set to be obtained in the least time delay 
possible. AS will be appreciated by those skilled in the art, 
the effective profile of the pulses may also be affected by 
Such factors as uncompensated eddy currents, electronic 
nonlinearities, and So forth. In addition to the amplitude and 
Slew rate, the pulses are typically characterized by a duration 
as represented at reference numeral 92. The timing between 
Subsequent pulses in the examination Sequence may also be 
controlled to provide the desired image data. It should be 
noted that the length or duration of the pulses Such as those 
illustrated in FIG. 4 are selected for specific pulse 
Sequences, typically in combination with the pulse 
amplitude, So as to provide a desired integral or area under 
the pulse curve, and hence a desired effect on the imaged 
Slice. 
AS illustrated in FIG. 4, for various reasons, Such as 

contrast, weighting, and So forth, the actual profile of the 
individual gradients, Such as gradient 78, may typically be 
leSS aggressive than the physical constraints of the System 
would permit. For example, the electronic circuitry and coil 
configuration may actually permit a slew rate which is 
Steeper than that employed in the pulse Sequence, and a 
maximum amplitude which is greater than that created, as 
represented by broken line 94 in FIG. 4. It has been found 
that the acoustic noise resulting from MRI examination 
Sequences may be Significantly influenced by Such factors as 
the Slew rate, pulse amplitude, and So forth. Thus, in the 
present technique, the quiet mode of operation provides for 
adjusting pulse Sequence parameters to provide adapted or 
modified pulse profiles Such as represented by broken line 
96 in FIG. 4. Again, it should be noted that the length or 
duration of the modified pulse may also be changed, typi 
cally as a function of the reduced amplitude, to provide a 
desired area under the pulse curve. 

Several logical approaches may be adopted for imple 
mentation of the quiet mode operation of the present tech 
nique. In a preferred arrangement, however, the quiet mode 
is Selectable by the operator in addition to at least one 
normal mode of operation. That is, through the interface 
components of the operator Station described above with 
reference to FIG. 1, an operator may Select the quiet mode 
of operation in addition to other commands input in the 
examination initialization. FIGS. 5 and 6 represent exem 
plary Steps in control logic for processing the axis configu 
rations when Such quiet mode Selections are made. It should 
be noted that, as mentioned above, the quiet mode of 
operation may be either an “on-off type Selection, or may 
provide for variable adjustment by the operator. That is, the 
operator may simply Select a reduced acoustic noise con 
figuration by toggling a virtual Selection button on a graphi 
cal user interface, or by any other Suitable input means. 
Alternatively, the acoustic noise may be adjusted in a 
variable manner by a "slide' type input, Such as a virtual 
Sliding button on a graphical user interface. In the latter case, 
adjustments to the pulse Sequence, as described below, may 
be made progressively to reduce the level of acoustic noise 
to acceptable levels for the patient and operator. 
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8 
As shown in FIG. 5, in a first embodiment, the control 

logic, denoted by reference numeral 100, begins with selec 
tion of an examination at Step 102. The examination Selec 
tion is typically made through the interface devices of the 
operator station discussed above with reference to FIG.1. As 
part of this examination configuration, the user may select a 
quiet mode, Such as via a Screen-depicted Selection box in a 
graphical user interface. At step 106, control circuit 36 
determines whether the quiet mode has been Selected and, if 
So, proceeds to Step 108 to receive quiet mode configuration 
parameters. Again, the quiet mode may be an “on-off 
Selection or an adjustable Selection. 
The quiet mode configuration parameters for reducing 

acoustic noise in the MRI system will be stored in one or 
more memory devices as depicted at reference numeral 38 in 
FIG. 1. In general, the configuration Sets will be comparable 
to those Stored for normal operation, including Specifications 
of Slew rates, amplitudes, pulse durations, and So forth. The 
configuration parameters are used in identifying the particu 
lar pulses and their characteristics for the Specific examina 
tion Sequence as defined by the protocol Selected at Step 102. 
As will be appreciated by those skilled in the art, by 
appropriate Selection of reduced amplitudes, for example, 
the configuration for a pulse duration may be extended to 
provide a desired integral of the gradient pulse. Slew rates 
for quiet mode operation may be leSS aggressive than those 
used in normal operation, that is, permit a longer duration for 
attaining the desired amplitude of the gradient, and a longer 
duration for declining from the Steady State amplitude to the 
Zero gradient level. It has been found that by reducing the 
power and Slew rate of the gradient pulses, acoustic noise in 
the MRI system may be significantly reduced. While such 
reduction in power and adjustments to pulse timing may 
result in Somewhat reduced resolution and a Somewhat 
increased Susceptibility to patient and tissue movement, the 
quiet mode operation permits particularly Sensitive patients 
to be accommodated where needed. 
The quiet mode configuration parameters retrieved in the 

procedure Summarized in FIG. 5 may include both logical 
axis limitations or values as well as physical axis limitations 
or values. In general, the parameters may include Scaled 
back levels as compared to those employed in normal 
examination sequences. In the embodiment of FIG. 5, the 
configuration parameters constitute values in look-up tables 
which are Stored in the System memory for retrieval upon 
selection of the quiet mode of operation. Where adjustable 
levels are available to the operator, Several Sets of configu 
ration parameters may be Stored and accessed in accordance 
with the operator Selection, or parameters may be computed 
as described below. Once these parameters are retrieved, 
they are employed and definition of the pulse Sequence, and 
the resulting examination is executed at Step 110. 

FIG. 6 represents an alternative procedure for implement 
ing a quiet mode of operation. In this procedure, Summa 
rized by reference numeral 120 in FIG. 6, the examination 
is Selected at Step 122 as in the foregoing example. At Step 
124 the examination is configured, by accessing a corre 
sponding protocol and pulse Sequence description model 
Stored in the System memory. The configuration at Step 124, 
again, may include operator Selection of a quiet mode of 
operation. At Step 126, if the quiet mode of operation is 
Selected, control advances to Step 128 where quiet mode 
limits and coefficients are accessed from the System 
memory. Where the quiet mode Selection includes adjustable 
levels, the operator-Selected level is encoded and the corre 
sponding Signal is read at Step 128. In the exemplary 
embodiment of FIG. 6, rather than fixed configuration 
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parameters, the quiet mode parameter levels are derived 
from normal operating parameters, Such as through the use 
of fixed limits and Scaling factors. These Scaling factors may 
include percentages which may be preestablished or Set by 
an operator, Such as for determining quiet mode Slew rates, 
gradient amplitudes, and So forth. Again, these levels may be 
fixed or adjustable. Gradient durations may be then derived 
from the resulting Scaled parameters to provide the desired 
Slice Selection, phase encoding, and frequency encoding. 
The quiet mode pulse Sequence is thus derived at Step 130 
from the Scaling factors and coefficients accessed at Step 128 
applied to the normal pulse descriptions for the Selected 
examination routine. Once the pulse Sequence has been 
derived, the examination is then executed as indicated at Step 
132. 

AS will be appreciated by those skilled in the art, various 
modifications and adaptation may be made to the quiet mode 
technique discussed herein. For example, two or more Such 
quiet modes may be provided, each corresponding to par 
ticular configuration parameters or Scaling factors used in 
converting the model pulse Sequence description to the quiet 
mode pulse Sequence description. Moreover, Specific Set 
tings for the quiet mode slew rates and amplitudes may be 
Set following minimal experimentation on particular 
Systems, System types, and System physical configurations. 
The particular values Set for each System or System type, as 
well as for particular pulse Sequence descriptions or exami 
nation types, may then be set So as to balance any reduction 
in image quality with a corresponding improvement in 
acoustic noise levels. 
What is claimed is: 
1. A method for controlling a magnetic resonance imaging 

System, the System including a Scanner having a primary 
field coil, a plurality of gradient coils for generating con 
trolled gradient fields, at least one radio frequency coil for 
generating excitation pulses, and a receiving circuit for 
receiving resulting magnetic resonance Signals, the method 
comprising the Steps of: 

defining an examination pulse Sequence for generating 
image data via control of the gradient coils and the 
radio frequency coil; 

Selecting a normal mode or an acoustically quiet mode of 
operation; 

modifying the examination pulse Sequence based upon the 
Selected mode of operation; and 

executing the pulse Sequence in accordance with the 
Selected mode of operation. 

2. The method of claim 1, wherein the pulse Sequence is 
modified by reduction of a slew rate of at least one gradient 
pulse. 

3. The method of claim 1, wherein the pulse Sequence is 
modified by reduction of an amplitude of at least one 
gradient pulse. 

4. The method of claim 1, wherein configuration param 
eters for the quiet mode of operation are derived from 
parameters for the normal mode of operation. 

5. The method of claim 1, wherein configuration param 
eters for the normal mode and quiet mode are Stored in a 
memory circuit of a controller coupled to the Scanner. 

6. The method of claim 1, wherein the pulse Sequence is 
modified by Setting at least one configuration parameter 
defining a constraint for logical or physical axes of the 
Scanner to a level different from a level set for the normal 
mode of operation. 

7. The method of claim 1, wherein the quiet mode 
Selection is an on-off Selection. 
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8. The method of claim 1, wherein the quiet mode 

Selection includes a user-Variable adjustment from the nor 
mal mode. 

9. A method for reducing acoustic noise in a magnetic 
resonance imaging System including a plurality of gradient 
coils and a radio frequency coil, the gradient coils and the 
radio frequency coils being coupled to a controller for 
providing control Signals for implementing predetermined 
pulse signals via the gradient and radio frequency coils, the 
method comprising the Steps of 

Storing configuration parameters for an examination pulse 
Sequence definition, the parameters defining an acous 
tically quiet mode of operation and a normal mode of 
operation; 

accessing this examination pulse Sequence definition; 
accessing the quiet mode parameters in response to Selec 

tion of a quiet mode command by an operator, and 
executing the examination pulse Sequence based upon the 

definition and the quiet mode parameters. 
10. The method of claim 9, wherein configuration param 

eters for the quiet mode of operation are derived from 
configuration parameters for the normal mode of operation. 

11. The method of claim 9, wherein the configuration 
parameters for the quiet mode of operation include a gradi 
ent Slew rate lower than a corresponding Slew rate for the 
normal mode of operation. 

12. The method of claim 9, wherein the configuration 
parameters for the quiet mode of operation include a gradi 
ent amplitude lower than a corresponding gradient ampli 
tude for the normal mode of operation. 

13. The method of claim 9, wherein the quiet mode 
parameters are Stored in a memory circuit associated with 
the controller. 

14. The method of claim 9, wherein the quiet mode 
parameters are based on logical or physical axis constraints 
for the Scanner coils. 

15. A method for reducing acoustic noise in a magnetic 
resonance imaging System including a Scanner having gra 
dient coils, a radio frequency coil and receiving coil, a 
memory circuit for Storing examination pulse Sequence 
definitions and configuration parameters, and control cir 
cuitry for commanding execution of the pulse Sequences in 
the Scanner, the method comprising the Steps of: 

Storing configuration parameters for an acoustically quiet 
mode of operation of the System in the memory circuit, 
quiet mode configuration parameters including gradient 
pulse Slew rates and amplitudes reduced from corre 
sponding Slew rates and amplitudes of a normal mode 
of operation; and 

executing an examination pulse Sequence based upon a 
Stored definition and the quiet mode parameters upon 
Selection of the quiet mode of operation. 

16. The method of claim 15, wherein at least one of the 
quiet mode parameters is derived from a configuration 
parameter for a normal mode of operation. 

17. The method of claim 15, wherein the quiet mode 
parameter is derived from the normal mode parameter by 
multiplying the normal mode parameter by a Scaling coef 
ficient. 

18. The method of claim 15, comprising the further steps 
of Selecting the quiet mode of operation via an operator 
interface. 

19. A magnetic resonance imaging System comprising: 
a Scanner having a plurality of gradient coils for gener 

ating controlled magnetic field gradients, a radio fre 
quency coil for generating excitation Signals, and a 
receiver coil for detecting resulting magnetic resonance 
Signals; 
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a memory circuit for Storing pulse Sequence definitions 
and configuration parameters, including parameters for 
a normal mode of operation and an acoustically quiet 
mode of operation; and 

a Scanner controller for commanding execution of pulse 
Sequences in the Scanner based upon the pulse Sequence 
definitions and the normal mode or quiet mode param 
eterS. 

20. The system of claim 19, further comprising an opera 
tor interface for Selecting the normal mode of operation or 
the quiet mode of operation, the operator interface being 

12 
coupled to the Scanner controller for communicating Signals 
corresponding to the Selected mode for execution in the 
SCC. 

21. The system of claim 19, wherein quiet mode param 
eters are derived from normal mode parameters. 

22. The system of claim 19, wherein the quiet mode 
parameters include Slew rates for gradient pulses lower than 
corresponding Slew rates for the normal mode of operation. 

23. The system of claim 19, wherein the quiet mode 
parameters include gradient pulse amplitudes lower than 

10 corresponding amplitudes for the normal mode of operation. 
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